Disorders associated with dysfunction of autonomic nervous system are quite common yet frequently unrecognized. Quantitative autonomic testing can be invaluable tool for evaluation of these disorders, both in clinic and research. There are number of autonomic tests, however, only few were validated clinically or are quantitative. Here, fully quantitative and clinically validated protocol for testing of autonomic functions is presented. As a bare minimum the clinical autonomic laboratory should have a tilt table, ECG monitor, continuous noninvasive blood pressure monitor, respiratory monitor and a mean for evaluation of sudomotor domain. The software for recording and evaluation of autonomic tests is critical for correct evaluation of data. The presented protocol evaluates 3 major autonomic domains: cardiovagal, adrenergic and sudomotor. The tests include deep breathing, Valsalva maneuver, head-up tilt, and quantitative sudomotor axon test (QSART). The severity and distribution of dysautonomia is quantitated using Composite Autonomic Severity Scores (CASS). Detailed protocol is provided highlighting essential aspects of testing with emphasis on proper data acquisition, obtaining the relevant parameters and unbiased evaluation of autonomic signals. The normative data and CASS algorithm for interpretation of results are provided as well.
Video Link
The video component of this article can be found at http://www.jove.com/video/2502/
Protocol

Equipment, data acquisition and processing of autonomic signals
As a bare minimum, the clinical autonomic laboratory has to have motorized tilt table, ECG, noninvasive beat-to-beat blood pressure monitor, respiratory monitor and a mean to evaluate sudomotor functions. Recommended equipment is listed at Table 9 . The data acquisition and analyzing software is a critical to be able to run the lab effectively. Unfortunately, the commercially suitable software has some restrictions and most of the autonomic laboratories wrote their own acquisition or analyzing software in house. Robust R wave detection and detection of corresponding systolic/diastolic values in blood pressure, eventually in blood flow, is of paramount importance. At University of Massachusetts we use ADInstrument-based recording system (Figures 1-4 , Table 9 ) that is easy to program and provides many mathematical functions in real time.
The protocol use in the paper is based on methodology developed primary by Dr. P. Low and his team (1). This paper assumes that the reader knows how to correctly place ECG electrodes, setup of the continuous blood pressure monitor and how to record the data. Details of the electrode/sensor placement and recommended standards for data acquisition are at reference 4.
Deep breathing
Deep breathing tests cardiac parasympathetic functions. Because the heart responses to deep breathing are mediated by the vagal nerve, the test is also referred to as cardiovagal testing. Deep breathing evaluates changes in the instant heart rate that is provoked by "deep" breathing at 6 breaths/min. The test is performed in supine position. The test starts with a rest period that gives patient time to relax. We usually record one minute baseline before proceeding with the deep breathing test.
The normal responses in heart rate during the tilt is heart rate increment within 10 -30 beats per minute. At the same time the maximal heart rate should be less than 120 beats per minute. Normal responses in the blood pressure during the tilt is drop of the systolic blood pressure less than 30 mm Hg or drop of the mean blood pressure less than 20 mm Hg.
Interpretation of results
Tilt tests predominantly evaluates adrenergic functions. Grading of adrenergic impairment requires results from both Valsalva maneuver and tilt test and is described in section 6. 
Sudomotor testing (QSART)
Quantitative Sudomotor
Normative values
Normative values are at Table 4 .
Interpretation of results
Grading of sudomotor impairment is below
Grading of autonomic impairment using the Composite Autonomic Severity Score (CASS)
CASS score provides unbiased and full quantification of the autonomic functions in cardiovagal, adrenergic and sudomotor domain. Total score has a direct clinical meaning since it ranks the generalized dysautonomia as mild, moderate and severe. I removed some of ambiguities in the original definition of CASS( 3).
The CASS has the following subscores: 1) Cardiovagal (Table 5 ) .; 2) Adrenergic (Table 6); and 3) Sudomotor (Table 7) .
For calculation of cardiovagal score both deep breathing and Valsalva ratio are required. Adrenergic score requires both Valsalva maneuver and tilt test results. Sudomotor score can be calculated from QSART results or from the thermoregulator sweat test (TST, not described at this paper). . I adopted * from the initial validated study 3 . ** Changed from > to ≥ to remove ambiquity. *** The definition for the adrenergic score 3 differs in 3 and 5 , hence I adopted definition in 3 that was expanded adding systolic pressure recovery time from 5 . **** In original definition, the OH with normal Valsalva maneuver would be given score 0. Although rare (normal Valsalva maneuver + OH), this combination can be seen in a partial square variant of VM. Since OH signifies severe adrenergic impairment, the isolated OH is assigned to score 3. Table 8 . An example of the results of the autonomic testing and corresponding CASS scores.
Figure 1
Recommended setup of the acquisition system. The screen is divided into raw and calculated data. HR= heart rate, SBP/DBP/MBP= systolic/diastolic/mean blood pressure, PP=pulse pressure, SBF/DBF/MBF = systolic/diastolic/mean blood flow velocity.
